Background. Primary glomerular nephropathy (PGN) is a leading cause of end-stage renal disease in developing countries, however, nationwide studies investigating the spectrum of PGN are limited. Methods. To evaluate the composition of various pathological types of PGN in a comprehensive geographic coverage in China, a national inpatient database covering 43.7 million patients was used in this analysis. Diagnoses were extracted from the discharge diagnoses. Results. The percentage of patients with PGN in hospitalized patients decreased from 0.80% in 2010 to 0.67% in 2015. Among hospitalized patients with PGN, a decreasing trend of immunoglobulin A nephropathy (from 19.0% in 2010 to 10.6% in 2015) and an increasing trend of idiopathic membranous nephropathy (from 4.5% in 2010 to 8.8% in 2015) were revealed. A positive association between the percentage of idiopathic membranous nephropathy (iMN) and the exposure of particulate matter with a diameter < 2.5 lm was observed north of the Yangtze River (P < 0.001, R 2 ¼ 0.828). South of the Yangtze River, the proportion of the Zhuang population was positively correlated to the frequency of iMN (P ¼ 0.012, r ¼ 0.697). Conclusions. In conclusion, a changing spectrum of PGN was observed between 2010 and 2015 in China and both environmental and genetic factors might play pivotal roles in the pathogenesis of iMN in the Chinese population.
I N T R O D U C T I O N
Primary glomerular nephropathy (PGN) is the leading cause of chronic kidney disease (CKD) in developing countries and accounts for 20% of end-stage renal disease (ESRD) worldwide [1] [2] [3] [4] . Although the prevalence of glomerulonephritis attributed CKD has slightly decreased since 2013 [5] , the changing spectrum of PGN, especially a dramatically increasing percentage of membranous nephropathy, calls for more attention [6, 7] .
Idiopathic membranous nephropathy (iMN) is the most common cause of nephrotic syndrome in adults [8] . Despite appropriate treatment, one-third of these patients developed CKD, which is a substantial burden to local health care resources [9, 10] . Previous epidemiological studies in several Chinese centers have suggested an increasing trend in the proportion of iMN among PGN in the past 10 years [11] [12] [13] , which is associated with particulate matter pollution with a diameter < 2.5 lm (PM2.5) [7] in China. Genetic backgrounds also contribute to the susceptibility of iMN in various races. African American populations were observed with a large percentage of iMN patients but a low percentage of immunoglobulin A nephropathy (IgAN) [14, 15] . The population with single-nucleotide polymorphisms (SNPs) in HLA-DQA1 (SNP rs2187668) and phospholipase A2 receptor (PLA2R; SNP rs4664308) coding genes [14] has been proven to be susceptible to iMN, but the underlying mechanism has not been fully understood.
IgAN has been considered as the predominant pathological type in PGN [16] [17] [18] , especially in Asian populations [19] , with up to 30% progressing to ESRD [20] [21] [22] . The frequency of IgAN is increasing in developed counties [7] while it remains stable in China [7] .
In this analysis based on a national inpatient registration database with comprehensive geographic coverage and demographic information of each patient, we aimed to describe the changing spectrum of PGN in China and to speculate on the underlying risk factors for iMN.
M A T E R I A L S A N D M E T H O D S

Study population
The study population compromised 43 677 829 inpatients from 878 tertiary hospitals from 1 January 2010 to 31 December 2015 covering 54.1% of tertiary hospitals in 31 provinces nationwide.
The database we used is the Hospital Quality Monitoring System (HQMS), which is a registration dataset of the standardized electronic inpatient discharge records of tertiary hospitals in China. Under the administration of the Bureau of Medical Administration and Medical Service Supervision, National Health and Family Planning Commission of the People's Republic of China, tertiary hospitals in China have been mandated to automatically submit electronic discharge records daily to HQMS since 1 January 2013. Data from 1 January 2010 to 31 December 2012 were collected retrospectively. Demographic characteristics, clinical diagnoses, procedures, pathological diagnoses and expenditures were extracted from the 'frontpage' of the hospitalization medical record.
Physicians were responsible to file the data in the front page, and the diagnosis was coded based on the International Classification of Diseases, revision 10 (ICD-10) coding system by certified professional medical coders at each participating hospital. Data quality was controlled automatically at the time of data submission to ensure completeness, consistency and accuracy.
For patients with multiple admissions, only the first admission was included for analysis. In total, 288 804 patients were identified for analysis from 1 January 2013 to 31 December 2015 and 11 102 patients were identified for analysis from 1 January 2010 to 31 December 2012. Identification number and telephone numbers, which could locate the place where the patients were born and live, were combined to define the place of patient residence. Urban/rural residency was identified by the type of health insurance (basic medical insurance or free medical insurance for urban residency and new rural cooperative medical care for rural residency). The Ethics Committee of Peking University First Hospital approved this study.
Definition of PGN
Patients with the presence of nephrotic syndrome or glomerulonephritis (relevant ICD-10 codes in Supplementary Appendix 1) were defined as having glomerulonephritis (GN). Patients with MN secondary to a known systematic disease (systemic lupus erythematosus, autoimmune thyroiditis, rheumatoid arthritis, anti-neutrophil cytoplasmic antibody-associated vasculitis, Sjögren syndrome), infection (hepatitis B, hepatitis C, malaria, schistosomiasis, syphilis, human immunodeficiency virus), malignancy or mercury (poisoning and sarcoidosis) were excluded and the remaining patients were identified as having iMN (relevant ICD-10 codes in Supplementary Appendix 2). A total of 299 906 patients were diagnosed as PGN, which accounts for 0.69% of all inpatients. Patients with IgAN secondary to a known systematic disease were excluded and the remaining patients were identified as having primary IgAN (relevant ICD-10 codes in Supplementary Appendix 1). The ICD codes of other pathological types of PGN, minimal change disease (MCD), focal segmental glomerulosclerosis (FSGS), membranoproliferative glomerulonephritis (MPGN), mesangial proliferative glomerulonephritis (MesPGN) and endocapillary proliferative glomerulonephritis (EnPGN) are also listed in Supplementary Appendix 1.
The diagnosis of various pathological types of PGN was based on kidney biopsy and was extracted as ICD-10 codes in the front page, which is ready to upload in the HQMS database. The indications of kidney biopsies were similar in various regions in China, which is nephrotic syndrome or nephrotic range proteinuria, acute nephritic syndrome, rapidly progressive glomerulonephritis (RPGN) syndrome, chronic nephritic syndrome, asymptomatic hematuria with proteinuria and acute kidney injury without confirmed diagnosis [12, 23, 24] .
For patients with PGN, blood, urine and 24 h urine protein quantity were routinely screened. Since the enzyme-linked immunosorbent assay (ELISA) and indirect immunofluorescent (IIF) assay kit of anti-PLA2R antibody were not authorized in China until 2014, most of the data we included did not have anti-PLA2R autoantibody results.
Demographic data and other covariates
Information on age, gender, ethnicity, occupation, residence, health insurance, type of admission and intensive care unit (ICU) stay were collected from the front page and included in the analysis. Outcome data on expenditures, length of stay and in-hospital mortality were also extracted. The survival status of each patient was verified based on discharge status and combined with information from autopsy reporting.
Exposure assessment
The National Bureau of Statistics of China (http://www.stats. gov.cn) has published annual total airborne emissions in each province, including inhalable particulates, nitrogen dioxide (NO2) and sulfur dioxide (SO2) and the main pollutant emissions in wastewater, which contains the total volume of wastewater discharged, ammonia nitrogen, total nitrogen, total phosphorus, petroleum, volatile phenol, plumbum, mercury and general industrial solid waste per year from 2002 to 2015. General industrial solid waste includes household garbage and industrial solid wastes, with various kinds of pollutants, including nitrogenous wastes, organic pollutants such as polycyclic aromatic hydrocarbons (PAHs), that mainly affect soil and water. The ground-level PM2.5 concentration of each season is published by the National Air Quality Monitoring Network [25] . The annual average concentration of PM2.5 (lg/m 3 ) derived from aerosol optical depth (AOD) data by the National Aeronautics and Space Administration was also analyzed [26] . Apart from air pollution, organic soil pollutants were analyzed; data on 16 PAHs were analyzed in 157 concurrently collected soil samples in 2005 throughout China [27] .
Statistical analyses
The proportion and absolute number of patients were reported for seven pathological types of PGN. Patients diagnosed as iMN and IgAN were further analyzed. Patients with iMN were stratified by age, gender, geographic regions and rural/urban residency. General demographic characteristics, costs, length of stay and in-hospital mortality were compared between patients with iMN and IgAN in 2015. Continuous data are presented as mean 6 standard deviation or as median (inter-quartile range) for highly skewed variables. Categorical variables are presented as proportion with 95% confidence interval (CI).
The associations between the percentage of iMN and exposure to ambient environmental pollution and gross domestic product per capita were analyzed using Pearson correlation models and generalized linear regression models and adjusted for age, gender and meteorological factors. The analyses of populations of iMN and IgAN patients were based on individual patients instead of admissions, because the number of patients is more relevant to the prevalence of MN. All analyses were performed using SAS software, version 9.1 (SAS Institute, Cary, NC, USA).
R E S U L T S
The changing spectrum of PGN in hospitalized patients from 2010 to 2015
The percentage of PGN among all inpatients decreased from 0.80% in 2010 to 0.67% in 2015, however, the spectrum of PGN changed significantly. The percentage of iMN among all PGN patients almost doubled (4.6% in 2010 versus 8.8% in 2015, respectively) (Figure 1 ). In contrast, the frequency of IgAN patients decreased from 19.0% in 2010 to 10.6% in 2015 ( Figure 1) .
In northern and northeastern China, the proportion of iMN exceeded that of IgAN for the first time in 2014 and became the predominant pathological type of PGN in these regions ( Figure 2 ).
Demographic characteristics of PGN with different pathology types
Demographic characteristics of patients with each pathological types of PGN admitted in 2015 are summarized in Table 1 . In total, 11 569 IgAN and 9598 iMN patients were included for further analysis, which are the two major pathological types of PGN. The leading pathological type of PGN in patients <45 years of age was IgAN, while for patients >45 years, iMN was the predominant pathological type.
The geographic distribution of iMN
Among the 31 provinces included, iMN patients concentrated in Hebei province and Guangxi province in 2015 (26.6% and 14.6% in PGN, respectively) ( Figure 3 ). In urban areas, the proportion of iMN patients among PGN patients doubled during the study period (from 5.0% in 2010 to 11.4% in 2015), while in rural areas the proportion of iMN increased moderately, from 6.1% in 2010 to 7.4% in 2015.
The association between environmental pollution and the proportion of iMN iMN (iMN/PGN) . After adjusting the meteorological factors, demographic factors and economic factors, we found that exposure to PM2.5 was associated with the increase of the frequency of iMN (P ¼ 0.017, R 2 ¼ 0.194), especially in northern China, which is demarcated by the Yangtze River (P < 0.001, R 2 ¼ 0.828). However, south of the Yangtze River, we did not observe this association (P ¼ 0.986) ( Table 2) . Apart from the increasing percentage of iMN in PGN, the actual frequency of iMN among all hospitalized patients (iMN/HQMS) also increased in the past 5 years, from 365.2/million in 2010 to 586.6/million in 2015. For the past 20 years the average concentration of PM2.5 has been constantly increasing, from 27.1 lg/m 3 in 1998 to 34.1 lg/m 3 in 2015. We found the average concentration of PM2.5 from 1998 to 2003, the earliest data we could find, was positively correlated with the frequency of PM2.5 in China from 2010 to 2015 (r ¼ 0.886, P ¼ 0.019).
We also found that exposure to industrial solid waste in each province was positively associated with the frequency of iMN (P ¼ 0.008, R 2 ¼ 0.369). The total suspended particulates in the air also showed a positive correlation with iMN (P ¼ 0.005, R 2 ¼ 0.392). However, levels of soil PAHs, NO 2 , SO 2 and the main pollutant emissions in wastewater, including total volume of wastewater discharged, ammonia nitrogen, total nitrogen, total phosphorus, petroleum, volatile phenol, plumbum and mercury, did not show significant associations with the increases in frequency of iMN (P > 0.05) ( Table 2 ).
The ethnic distribution and iMN in 2015
As the largest minority in China, the Zhuang population accounts for 23.6% of all inpatients and 27.5% of PGN patients in Guangxi province, which is located in southwestern China (Figure 4 ). The frequency of iMN patients in the hospitalized Zhuang population is constantly high (21.8% in 2013 to 22.44% in 2015), nearly 3-fold of the nationwide average ( Figure 5) . South of the Yangtze River, the percentage of the Zhuang population who are PGN patients was positively correlated with the frequency of iMN in PGN patients (P ¼ 0.012, r ¼ 0.697). The Yao (19.1%) and Miao (17.8%) populations had the highest frequency of iMN in non-Zhuang populations in Guangxi province. However, the frequency of iMN in China did not show a significant correlation with frequency in the Miao or Yao populations (P > 0.05).
D I S C U S S I O N
We performed a comprehensive analysis on the changing spectrum of hospitalized patients with PGN from 2010 to 2015 in China. North of the Yangtze River, the proportion of iMN increased notably, which was closely associated with the level of PM2.5. South of the Yangtze River, we found that the proportion of iMN was positively correlated with the proportion of the Zhuang population. Despite a decreasing frequency of PGN in all hospitalized patients, a remarkable increasing trend in the frequency of iMN was observed nationwide, which almost doubled in our study period (4.6% in 2010 to 8.8% in 2015). In north and northeast China, it was greater than the frequency of IgAN since 2014. A similar trend has been reported in other developing countries, such as Pakistan [28] , the Czech Republic [29] and India [30, 31] . The frequency of membranous nephritis in India [30, 31] . In contrast, in developed countries like France, the increasing trend of iMN occurred in the 1990s and has reversed since 1996 [22, 32] , which also happened in Korea [21, 33] , Brazil [34] and the USA [20, 21] . Several groups in China also noticed the sharp increase in the proportion of iMN among PGN patients [7, 11, 12] . In another multicenter biopsy-proven PGN population in China, iMN was found to have annual increase of 13% after adjustment over the 11-year study period, although IgAN is still the leading pathological type in PGN [7] . In central China it has been noted that iMN replaced IgAN in PGN in 2013 [13] . In our study, we confirmed the increasing phenomenon of iMN on a nationwide level. In addition, we found significant spatial clustering, which combined with demographic data, enabled us to deduce the potential mechanism. A previous study revealed that long-term exposure to PM2.5 contributes to the increase of iMN [7] . In the present investigation, we found similar results in our initial analysis, while further exploration showed a closer correlation between iMN and air pollution in northern China (P < 0.001, R 2 ¼ 0.828). For example, Shijiazhuang, which is the capital city of Hebei province, suffered most from severe air pollution (76.7 lg/m 3 in the north versus 53.6 lg/m 3 in the southern and 124 lg/m 3 in Shijiazhuang in 2015, respectively). In Shijiazhuang, the frequency of iMN increased from 26.6% in 2013 among all PGN patients to 35.9% in 2015 (data have been available in Shijiazhuang since 2013), with an annual increase of 1.3-fold. In contrast, no significant association between air pollution and increasing iMN was observed in southern China. This suggests that the increasing iMN might stem from continuous air pollution. Although the underlying mechanism behind this phenomenon is not fully understood, exposure to fine particulates has been proven to generate a chronic inflammatory status [35] [36] [37] . We postulate that PM2.5 might be able to bind transcript factors [38] in podocytes, which could increase the level of PLA2R antigen and consequently initiate antibody production. However, whether these links are causal or simply associated with iMN need further investigation.
Another interesting finding is that iMN is concentrated in Guangxi province in southern China. This study for the first time suggests the association between the Zhuang population and the frequency of iMN south of the Yangtze River. The level of PM2.5 in Guangxi province is not as high as that in northern China (49 lg/m 3 in the capital city of Guangxi province), but has the second highest frequency of iMN in China (14.6%). The Zhuang population is the largest minority in China, which is mostly distributed in southern China, especially in Guangxi province. In our investigation we found an amazingly high proportion of iMN (21.9% among PGN patients) in the Zhuang population, ruling out Schistosoma infection, which may also lead to kidney damage, but has disappeared since 1999 [39] [40] [41] . Certain genetic variants have been reported in the Zhuang population, such as variants in 21q22 with ankylosing spondylitis [42, 43] . Genetic predisposition to iMN has been detected in European white ancestry by genome-wide association studies [23] , and the variant in HLA-DQA1 and PLA2R1 is highly associated with iMN. The interaction between these two risk alleles, the risk amino acids on major histocompatibility complex molecules and their potential effect on presenting PLA2R antigens have been investigated in the Chinese Han population [44] . This is the first report of high iMN prevalence in the Zhuang population, which indicates that the genetic variants in the Zhuang population might contribute to the pathogenesis of iMN. Further studies on genetic variants in Zhuang population might be necessary to elucidate their susceptibility to iMN. This study has several limitations. First, the data included only hospitalized patients in China, thus the prevalence or incidence of iMN cannot be determined. However, hospitalizations make it possible to reflect the socio-economic burdens of iMN. Second, all diagnoses were extracted using ICD coding or free text, without detailed information on clinical manifestations and accessory examinations, which prevents us from performing further analysis. The lack of laboratory validation may also result in the underestimation of disease complications, such as acute kidney injury and thrombosis [45] . However, the notably high frequency of iMN in an underestimated condition calls for urgent interventions to deal with environmental factors associated with iMN. Third, the estimation of pollution was based on data from the National Bureau of Statistics, which provides the average value of each city and might not precisely estimate the effect of the place where patients live. However, the significant association between the increasing rate of iMN and air pollution is definite.
In conclusion, we described an increasing trend of iMN frequency in Chinese patients nationwide but a decreasing trend of PGN and IgAN during the past 6 years. North of the Yangtze River we confirmed the previous results that air pollution is associated with an increase in iMN. Taking effective action to alleviate air pollution is imperative. In southern China, iMN patients were concentrated in Guangxi province and were correlated with the distribution of the Zhuang population. Genetic studies on the Zhuang population might provide new insights into the pathogenesis of iMN.
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